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)RULQVHUWLRQRIQHHGOHWKHSHQHWUDWLRQGLUHFWLRQYHFWRUFRLQFLGHVZLWKQHHGOHORQJLWXGLQDOD[LVY >@7KH
WDQJHQWYHFWRUWRWKHFXWWLQJHGJHFDQEHJLYHQE\FURVVSURGXFWRIW 1 [1 DQGȜLVWKHDQJOHEHWZHHQYHFWRUWDQG
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VWXG\7KHVHQHHGOHWLSVDUHJHQHUDWHGE\FXWWLQJDF\OLQGULFDOQHHGOHZLWKDSDUDEROLFVXUIDFHLQVWHDGRI WKHUHJXODU
SODQHVRUF\OLQGHUV
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ʌS7KHLQFOXGHGDQJOHLQFUHDVHVZLWK LQFUHDVHLQSIRUDJLYHQȟZKLFKPHDQVWKDW WKHORZHVWYDOXHRIșLV
DFKLHYHGZKHQS +RZHYHUWKHLQFOLQDWLRQDQJOHDORQJWKHFXWWLQJHGJHLVHTXDOWR]HURZKLFKPDNHV WKUHHSODQH
V\PPHWULFDOQHHGOHVPRUHGHVLUDEOH$QLQFUHDVHLQSEH\RQGJUHDWO\LQFUHDVHVWKHLQFOXGHGDQJOHWKHUHE\PDNLQJ
WKHQHHGOHOHVVHIIHFWLYH
6PDOOHUȟOHDGVWRODUJHULQFOLQDWLRQDQJOHVZLWKS!DQGLQFUHDVHVZLWKLQFUHDVHLQS,WKDVEHHQ UHSRUWHGWKDWS
 JLYHVWKHEHVWFRPELQDWLRQRILQFOXGHGDQGLQFOLQDWLRQDQJOHV)RULQVWDQFHZKHQȟ WKHLQFOXGHGDQJOHIRU
DWKUHHSODQHQHHGOHLVDQGLQFOLQDWLRQDQJOHLV:HFDQVHHWKDWWKHLQFOXGHGDQJOHRIWKHFXWWLQJHGJHLV
YHU\ ODUJHZKLFKLVQRWGHVLUDEOHWRUHGXFHWKHLQVHUWLRQIRUFH
3DUDEROLFWLSQHHGOH
)URPHTXDWLRQVDQGWKHYDOXHVRILQFOXGHGDQJOHDQGLQFOLQDWLRQDQJOHDUHGHSHQGHQWRQWKHUDGLXVµU¶RI
WKHQHHGOHSDUDPHWULFSRVLWLRQRIDSRLQWRQWKHQHHGOHFXWWLQJHGJHDQGWKHSDUDEROLFVXUIDFHXVHGµD¶DQGµE¶
7KHUDGLXVRIWKHQHHGOHLVWDNHQDVU PPDVLWLVDF\OLQGULFDOQHHGOH1RZZHFDQYDU\WKHDQJOHVE\YDU\LQJ
WKHSDUDEROLFVXUIDFHXVHGWRFXWWKHF\OLQGULFDOQHHGOHLHµD¶DQGµE¶7KHOHDGLQJFXWWLQJHGJHRIWKLVQHHGOHYDU\
IURPȖ WRȖ 6RWKHJUDSKVDUHSORWWHGIRULQFOLQDWLRQDQJOHDQGLQFOXGHGDQJOHIURPWRGHJUHHV
IRUIRXUGLIIHUHQWSDUDERODV5DGLXVIRUDOOWKHQHHGOHVLVFRQVWDQWDQGLVHTXDOWRPP )LJ VKRZVWKHYDULDWLRQ
RILQFOXGHGDQJOHDQGLQFOLQDWLRQDQJOHZLWKȖ
)LJ,QFOXGHGDQJOHDQGLQFOLQDWLRQDQJOHIRUDQHHGOHFXWZLWKDSDUDEROLFVXUIDFH
7KHLQFOXGHGDQJOHIRUSDUDEROLFVXUIDFHGQHHGOH VKRZQLQWKHDERYHILJXUHLQGLFDWHVWKDWWKHYDOXHRILQFOXGHG
DQJOHGHFUHDVHVZLWKLQFUHDVHLQȖXQWLOLWUHDFKHV DQGDJDLQLQFUHDVHVV\PPHWULFDOO\IURPȖ   $OVR
WKHDQJOHGHFUHDVHVZLWKFKDQJHLQWKHSDUDEROD¶VFXUYDWXUH[[KDVWKHODUJHVWLQFOXGHGDQJOHDWȖ  DQG
WKHDQJOHGHFUHDVHVIRU[[DQG WKH OHDVWYDOXH LVREWDLQHGIRU[[RXWRI WKHIRXUSDUDERODV1RZWKH
LQFOLQDWLRQDQJOHYDULDWLRQLVFRQVLGHUHGZLWKȖDQGZHFDQVHHWKDWWKHDQJOHWHQGVWR]HURDWȖ  LUUHVSHFWLYHWR
WKHSDUDEROD6ROLNHRQHSODQHEHYHOWLSQHHGOHWKLVFRQILJXUDWLRQLVQRWVXLWDEOHIRUUHGXFLQJLQVHUWLRQIRUFHV
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3DUDEROLFWLSQHHGOHFXWZLWKEHYHOSODQHV
$VGLVFXVVHGHDUOLHUWKHLQFOLQDWLRQDQJOHDWWKHQHHGOHWLSRIWKHSDUDEROLFVXUIDFHQHHGOHWKDWLVDWȖ QRZ
WKHLQFOXGHGDQJOHDQGLQFOLQDWLRQDQJOHDIWHUFXWWLQJWKHSDUDEROLFVXUIDFHGQHHGOHZLWKEHYHOSODQHVDUHSORWWHGDQG
WKHUHVXOWVDUHFRPSDUHG7KHUDGLXVRIWKHQHHGOHU PPDQGWKHYDOXHVIRUWKHVDPH SDUDERODVXVHGDERYHDUH
SORWWHGWRFRPSDUHWKHUHVXOWV7KHPDLQFXWWLQJHGJHRIWKHQHHGOHHQGVDWWKHȖP DQGIURP ȖȖP WKH
FXWWLQJHGJH LVVDPHDV WKDWRIVLPSOHSDUDEROLFVXUIDFHGQHHGOH7KHHTXDWLRQVIRU LQFOXGHGDQG LQFOLQDWLRQDQJOH
IURPDQGDUHXVHGWRSORWWKHJUDSKV
D E
)LJ,QFOXGHGDQJOH DQGLQFOLQDWLRQDQJOH IRUYDU\LQJYDOXHRI Ȗ
7KHJUDSKVSORWWHGKHUHDUH IRUȟ DQGĳ $VZHFDQVHH WKDW WKH LQFOLQDWLRQDQJOHDW WKHQHHGOH WLS
SRLQW LV QRW HTXDO WR ]HUR DQG Ȝ LQFUHDVHV ZLWK LQFUHDVH LQ Ȗ WLOO  DQG WKHQ GHFUHDVHV V\PPHWULFDOO\ +LJKHU
LQFOLQDWLRQDQJOH LVDFKLHYHGIRU[[DQG ORZHU IRU[[ ,QFDVHRI LQFOXGHGDQJOH WKHUH LVD ULVH LQ WKH
YDOXHVZKHQFRPSDUHGZLWK WKH VLPSOHSDUDEROLF VXUIDFHGQHHGOH&RQVLGHULQJ WKHRYHUDOOYDOXHVRI LQFOXGHGDQG
LQFOLQDWLRQDQJOHVWKLVFRQILJXUDWLRQLVIRXQGWREHVXLWDEOHWRUHGXFHLQVHUWLRQIRUFHV0D[LPXPLQFOLQDWLRQDQJOHLV
DQGPLQLPXPLQFOXGHGDQJOHLVZKLFKDUHEHWWHUWKDQWKHRWKHUFRQILJXUDWLRQV
6LPXODWLRQRIGHIRUPDWLRQDQGVWUHVVHVLQVROLGQHHGOHV
7KHVHQHHGOHVDUHLQVHUWHGLQWRWLVVXHV WRUHDFKDVSHFLILFWDUJHWLQWKHWLVVXHVIRUGLDJQRVLV6RREYLRXVO\WKHUH
ZLOO EH VRPHSODFHPHQW HUURUV DVVRFLDWHGGXULQJ LQVHUWLRQZKLFKPLJKW EHGXH WRPDQXDO HUURUV KLJKHU LQVHUWLRQ
IRUFHVDVGLVFXVVHGHDUOLHUJHRPHWU\RIWKHQHHGOHWLSHWF$IWHULQVHUWLQJWKHQHHGOHLQWRWKHWLVVXHLWZLOOH[HUWVRPH
SUHVVXUHRQWKHVXUIDFHRIWKHQHHGOHZKLFKGHYHORSVVWUHVVHVDQGEHQGLQJLQWKHQHHGOH7KLVEHQGLQJDQGVWUHVVHVLQ
WKHQHHGOHYDU\ZLWK WKHJHRPHWU\RI WKHQHHGOH WLSFRQILJXUDWLRQXVHGDQGZHFDQHYDOXDWH WKHSHUIRUPDQFHRID
QHHGOHE\REVHUYLQJWKHUHVXOWVRIEHQGLQJDQGVWUHVVHVIRUYDULRXVWLSJHRPHWULHVWKDWDUHGLVFXVVHGDERYH6LQFHWKH
JHRPHWU\RIWKHQHHGOHWLSVDUHDOLWWOHFRPSOH[WKHUHVXOWVRIEHQGLQJDQGVWUHVVHVZHUHDQDO\VHGWKURXJKVLPXODWLRQ
LQ$16<6
)RU FRQYHQLHQFH DOO WKH QHHGOHV DUH FRQVLGHUHGZLWK D UDGLXV RI U   PP DQG PP ORQJ $ SUHVVXUH RI
03DZKLFK LV WKH LQWHUQDOSUHVVXUHRIDQRUPDO WLVVXH 3UL\DQNDHW DO XS WRDFHUWDLQ OHQJWK KDG EHHQ
FRQVLGHUHG 7KH WUXHGHIRUPDWLRQDQG WKHHTXLYDOHQW VWUHVVHVDUH LQVHUWHG LQ WKH VROXWLRQFROXPQZKLFKVKRZV WKH
UHVXOWRIEHQGLQJDQGVWUHVVHVGHYHORSHG0D[LPXPVWUHVVRFFXUVDWWKHIL[HGVXSSRUWRIWKHQHHGOHDQGPLQLPXPDW
WKHQHHGOHWLS,WKDV EHHQREVHUYHGWKDWERWKWKHEHQGLQJDQGVWUHVVHVIRUDSDUDEROLFVXUIDFHGQHHGOHDUHKLJKHUWKDQ
WKH V\PPHWULF WKUHHSODQHQHHGOHDQGF\OLQGULFDOFXUYHGVXUIDFHQHHGOH7KH UHDVRQ IRU WKLV LVGXH WR ODFNRID[LV
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V\PPHWU\WKDWLVDERXWWKHQHHGOHORQJLWXGLQDOD[LVLQFDVHRISDUDEROLFQHHGOHV7KLVSUREOHPFDQEHDFFRXQWHGIRU
WRVRPHH[WHQWE\FKDQJLQJWKHSDUDERODXVHGWRFXWWKHQHHGOHE\WKHORVVRIDGYDQWDJHRILQFOLQDWLRQDQGLQFOXGHG
DQJOHV
)LJ'HIOHFWLRQRIPPGLDPHWHU[PPORQJQHHGOH
)LJ6WUHVVLQSDUDEROLFVXUIDFHGQHHGOHFXWZLWKWZREHYHOSODQHV
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&RQFOXVLRQV
7KLVVWXG\LQFOXGHVXQGHUVWDQGLQJRIPDWKHPDWLFDOPRGHOVRILQFOXGHGDQJOHDQGLQFOLQDWLRQDQJOHIRUFXUUHQWO\
DYDLODEOHQHHGOHVDQGSURSRVLQJWZRQRYHOQHHGOHJHRPHWULHV,WKDVEHHQREVHUYHGWKDWWKHSDUDEROLFVXUIDFHQHHGOH
KDVXQGHVLUDEOHFRQILJXUDWLRQ OLNHWKDWRIEHYHOSODQHQHHGOHEHFDXVHWKHYDOXHRILQFOLQDWLRQDQJOHDWWKHQHHGOHWLS
SRLQW LV ]HUR LUUHVSHFWLYH RI WKH SDUDEROD XVHG $ QHZPRGHO JHQHUDWHG E\ LQFRUSRUDWLQJ WZR EHYHO SODQHV WR WKH
QHHGOH ZLWK SDUDEROLF FXW FUHDWHG D VKDUS FXWWLQJ WLS DQG LV SURYHG WR EH EHWWHU QHHGOH WLS JHRPHWU\ HVSHFLDOO\
VXLWDEOHZKHQWKHSULQFLSDODLPLVWRUHGXFHLQVHUWLRQIRUFH6LPXODWLRQUHVXOWVRQEHQGLQJDQGVWUHVVHVLQWKHQHHGOHV
VKRZWKDWSURSRVHGQHHGOHKDGXQGHUJRQHKLJKHUGHIOHFWLRQDQGVWUHVVHVDUHFRPSDUDEOHWRRWKHUHDUOLHUV\PPHWULF
QHHGOH WLS JHRPHWULHV 7KHPDLQ UHDVRQ LV GXH WR WKH ODFN RI D[LV V\PPHWU\ LQ WKH SURSRVHGPRGHO$OWHULQJ WKH
SDUDEROLFVXUIDFHXVHGWRFXWWKHF\OLQGULFDOQHHGOHFKDQJHVWKHGHIOHFWLRQDQGVWUHVVHVLQWKHQHHGOHVLJQLILFDQWO\,W
IXUWKHUUHGXFHVWKHQHHGOHFXWWLQJHGJHOHQJWKZKLFKPHDQVUHGXFWLRQLQWKHDUHDRIQHHGOHWLSWKDWSLHUFHVLQWRWLVVXH
WKDWDLGV LQ UHGXFLQJ WKHIULFWLRQDO IRUFHVZKLOH WKHQHHGOHFXWV LQWR WKH WLVVXH:KLOH WKHPRGHOLQJDQGVLPXODWLRQ
UHVXOWVVXJJHVWWKDWWKHWLSRISDUDEROLFFXWVXUIDFHZLWKWZREHYHOSODQHVUHGXFHVWKHLQVHUWLRQIRUFHV GHIOHFWLRQRI
WKHQHHGOHQHHGVWREHIL[HG ,QDGGLWLRQDXWKRUVDUHFXUUHQWO\FRQGXFWLQJH[SHULPHQWDOLQYHVWLJDWLRQVWRDVVHVVWKH
HIIHFWRI WKLVQHHGOHRQ LWVSRVLWLRQLQJDFFXUDF\DQG LQVHUWLRQ IRUFH)XUWKHU VRPHRWKHUDVSHFWV OLNH VWLIIQHVVDQG
IULFWLRQDOIRUFHDUHDOVREHLQJFRQVLGHUHGDORQJZLWKWKHWLVVXHHODVWLFSURSHUWLHV
5HIHUHQFHV
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